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Distribution characteristics and ecological risk assessment of soil heavy metal in Helan County of Ningxia, China
ZHOU Qin-li', WANG Xue—dong', LI Zhi-tao”, WANG Xia—hui’>, HE Jun®, JI Guo—hua’

(1.College of Resource, Environment and Tourism, Capital Normal University, Beijing 100048, China; 2.Chinese Academy of Environmen-
tal Planning, Beijing 100012, China)

Abstract: Ningxia Helan County was taken as the research area in this paper to study the distribution characteristics and ecological risk of
heavy metals in farmland soil in northwest China. 140 topsoil samples were collected aiming to analyze and measure the concentration of
Cr, Ni, Cu, Zn, As, Cd and Pb belonging to heavy metal elements. The distributions, soil environment status and ecological risk of the seven
heavy metals were studied by Nemerow pollution index and Hakanson potential ecological risk index methods. The results showed that con-
centrations of Cr, Ni, Cu, Zn, As and Pb were all lower than the second—level of Environmental Quality Standard for Soils of China except
that concentrations of Cd of 1.42% samples were appeared to exceed the standard. Compared with the background values, seven heavy met-
als of all samples showed different degree accumulation, in which Cd, Ni elements beyond the background value ratio reached 100% and
85%. Spatial distribution of the concentrations of the seven heavy metals had obvious accordance. The content of each element was evenly
distributed. The high content of each element was concentrated in the central and eastern part of Helan County, which was related to human
activities. The calculation results of single—factor pollution index showed that among the 140 soil samples, 0.71% of Cd were moderate con-
tamination, 7.14% of Ni and 5% of As were slight clean, Cr, Cu, Zn, Pb of all samples were all clean. According to the individual potential
ecological risk index(E!) of heavy metals, the average potential ecological risk index of Cd element was 97.68, which indicated that Cd had
reached the serious risk level, becoming the main element of potential ecological risk. All in all, the quality of farmland soil in Helan Coun-
ty of Ningxia is good, but it is noteworthy that the concentration of Cd, Ni has a serious accumulation.
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Figure 1 Study area and distribution of sampling points
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Table 2 Descriptive statistics of concentrations of soil heavy metals in Helan County of Ningxia

5 H Ttems Cr Ni Cu Zn As cd Ph
K /mg kg 102.61 59.78 40.52 84.59 21.34 1.33 23.87
e/ ME/mg - kg 8.72 9.65 7.93 21.14 1.10 0.12 6.09
) /mg - kg™ 40.18 28.86 21.14 58.74 11.82 0.35 16.66
FrifE2/mg-kg! 13.57 7.88 4.86 10.37 2.73 0.11 2.81
5 5 F AU % 34 27 23 18 23 32 17
B B AR ERR A /mg - kg 250 60 100 300 25 0.6 350
SRR % 0 0 0 0 0 1.42 0
THE AT 5 /mg kg 62.7 21.7 22.1 58.8 12.2 0.109 20.60
T BRI 8 L % 2.86 85.00 37.14 42.86 36.43 100 12.14
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Table 3 Normal distribution test of soil heavy metal elements in Helan County of Ningxia

151 H Ttems Cr Ni Cu 7n As cd Pb
1E 2430 Sig(2-tailed ) 0.016 0.007 0.750 0.358 0.193 0.004 0.078
X Hiti e Sig(2-tailed ) 0 0.204 — — — 0.380 —
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Figure 2 Spatial distribution of concentration of soil heavy metals in Helan County of Ningxia
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Figure 3 Spatial distribution of concentration of Cr element in

Helan County of Ningxia
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Table 4 Single factor pollution ratio of soil heavy metal elements in Helan County of Ningxia (% )

JLE (BRI I G35 Clean) T (335 Slight T (%ﬁg& Light IV ( EPIE‘F;% Moderate V. (Eiﬁ;{é Heavy
Element(Number of Samples) clean) pollution) pollution) pollution)
Cr(n=140) 100
Ni(n=140) 92.86 7.14
Cu(n=140) 100
Zn(n=140) 100
As(n=140) 95.00 5.00
Cd(n=140) 83.57 15.00 0.71 0.71
Ph(n=140) 100
x5 TEHRZELESESREITEENR
Table 5 Pollution index of soil heavy metals in Helan County of Ningxia
I [ Ttems Cr Ni Cu Zn As cd Ph £545 Comprehensive
AL 140 140 140 140 140 140 140
TS PR EOT ¥IE 0.151 0.481 0.203 0.196 0.498 0.591 0.048
TG Y B/ IME 0.035 0.161 0.071 0.070 0.044 0.195 0.017
LRI P S TN - 0.410 0.996 0.405 0.282 0.984 2215 0.068
WS 55 15 Y L 1.621
YR (FERE) M (R )

T 5 YA BRSO [ 5 L PR B Btk — AR T4

Note : The pollution index were calculated according to the second-level of Environmental Quality Standard for Soils of China.
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Table 6 Potential ecological risk assessment of soil heavy metals

in Helan County of Ningxiaa

it H FoRME /M FEE
Items Max value Min value Average
C/ Cr 1.64 0.14 0.64
Ni 2.75 0.44 1.33
Cu 1.83 0.36 0.96
Zn 1.44 0.36 1.00
As 1.75 0.09 0.97
Cd 12.19 1.07 3.26
Pb 1.16 0.30 0.81
E' Cr 3.27 0.28 1.28
Ni 13.77 222 6.65
Cu 9.17 1.79 4.78
Zn 1.44 0.36 1.00
As 17.49 0.90 9.69
Cd 365.81 32.15 97.68
Pb 5.79 1.48 4.04
RI 392.06 46.47 125.12

N
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Figure 4 Spatial distribution of comprehensive potential
ecological risk index of soil heavy metals

in Helan County of Ningxia
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Table 7 Percentage of sample points in different class of C/, £, in Helan County of Ningxia(%)

, % E!
Mo e TR R BT T BROAG  TEAR EAUAR
Slight pollution ~ Moderate pollution  Intense pollution High Pollution Slight risk Moderate risk Intense risk
Cr 97.14 2.86 0 0 100 0 0
Ni 15.00 85.00 0 0 100 0 0
Cu 62.86 37.14 0 0 100 0 0
Zn 57.14 42.86 0 0 100 0 0
As 63.57 36.43 0 0 100 0 0
Cd 0 42.14 56.43 1.43 0 1.43 98.57
Pb 87.86 12.14 0 0 100 0 0
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